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Abstract 
This study established a method to determine the acrylonitrile in solid waste by automatic headspace gas chromatography. This 
method adopted the automatic headspace sampling, separated by DM - FFAP chromatographic column, detected by FID detector. 
The conditions of headspace balance time and equilibrium temperature were optimized. The linear range, detection limit, 
recovery, sensitivity and stability were tested. Under the conditions of 80 ć and balance time of 30 min, the method detection 
limit of acrylonitrile was 1.66μg /kg. The relative standard deviation was under 5%. The standard addition recovery was 92.7% ~ 
101.5%. The results showed that the before processing of this method is simple, rapid, no consumption of organic solvents, 
accurate and applicable. The method can meet the requirements of Identification standards for hazardous wastes-Identification 
for toxic substance content. 
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1. Introduction 
Acrylonitrile is a public basic organic chemical raw materials, and belongs to the basic and important raw 
materials of three synthetic materials-synthetic fiber, synthetic rubber and plastics1. It is widely used in organic 
synthesis industry and people's economic life. The acrylonitrile is a kind of colorless volatile liquid2, and its steam 
 
 
* Corresponding author. Tel.: +021-50216496. 
E-mail address: glgao@sspu.edu.cn 
© 2016 Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Tsinghua University/ Basel Convention Regional Centre for Asia and the Pacific
242   Qing Wan et al. /  Procedia Environmental Sciences  31 ( 2016 )  241 – 246 
has acute toxicity3. It is also one of the specified test items in the Identification standards for hazardous wastes ̢ 
Identification for extraction toxicity (GB5085.3-2007)4 because acrylonitrile is abound in the solid waste and it is 
one of the difficult part to deal with. 
Recently, most of acrylonitrile is determined by method of Gas Chromatography(GC-MS)5-6, Headspace Gas 
Chromatography(GC-MS)7-8, Purge and Trap Gas Chromatography(GC-MS)9-10 at home and abroad. It is suggested 
that it should use static headspace, purge and trap technique when analyzing the fluid samples and solid samples of 
acrylonitrile in the Identification standards for hazardous wastes-Identification for extraction toxicity. Headspace 
Gas Chromatography is one of the most widely used and the rapid development separation and analysis methods, 
and it is also the main method to determining the acrylonitrile. There are more introduction in the determination of 
fluid samples, but for the determination of solid waste is rarely reported11. 
In this study, the acrylonitrile in solid waste is determined by Automatic Headspace Has Chromatographic DM-
FFAP chromatographic column and FID detector, and the method are studied systematically. The results showed that 
this method eliminated the tedious pretreatment process, greatly reduced the sample period, no consumption of 
organic solvents, accurate and applicable, compared with the method of Purge and Trap Gas Chromatography. The 
method also can meet the requirements of Identification standards for hazardous wastes-Identification for toxic 
substance content. 
2. Experimental 
2.1. Instruments and reagents 
Gas Chromatograph: PerkinElmer 600ˈwith FID detector. Automatic headspace sampler: PE Turbo Matrix 
HS40. Chromatographic column: DM-FFAP (50mh0.32mmh0.5­m). Acrylonitrile standard solution: 1020mg/Lˈ
BW3436. The matrix modifier: adding phosphoric acid to 500ml in deionized water until PHİ2, adding 180g of 
sodium chloride, dissolving and mixing. 
2.2. Chromatographic condition  
Chromatographic column: DM-FFAP capillary column 50mh0.32mmh0.5μm, column temperature: at 40ć for 
2min, with 10ć/min to 100ć for 2min. Sample inlet: at 200ć, carrier gas(high pure nitrogen), constant current, the 
flow rate was 4.5mL/min, split injection, the split ratio 5:1. Detector: at 250ć, the flow rate of hydrogen was 
40mL/min, the flow rate of air was 400mL/min, the flow rate of make-up gas(high pure nitrogen) was 30mL/min. 
2.3.  Automatic headspace condition 
Temperature: the temperature of sampling probe was 120ć, the temperature of transmission line was 150ć, 
furnace temperature was 80ć. Timing: pressuring for 2min, sampling 0.1min, pulling the probe for 0.2min, thermal 
insulation for 30min, the cycle of GC for 10min. Options: operator schema: constant, The sampling schema: 
time(control). Gas circuit: the pressure of sampling was 14.0psi, the pressure of chromatographic column was 
15.0psi. 
2.4.  Determination method 
2.4.1. Preparation of standard solution 
Using the concentration of 1020mg/L standard solution of acrylonitrile diluted into 10.2mg/L standard solution, 
for the preparation of standard curve. 
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2.4.2. Preparation of standard curve 
Taking five headspace bottle with 2g quartz sand and 10ml matrix modifier, and prepare the concentrations of the 
standard series were 0.255, 1.02, 4.08, 16.32,25.5mg/kg. Then automatically headspace sampling and gas 
chromatography analysing. 
2.4.3. Determination of samples 
Putting 2g sample into headspace bottle which has 10ml matrix modifier. Determining and analysing follow the 
method of preparation of standard curve, qualitatived by the retention time and quantitatived by the method 
of external standard. 
3.  Results and discussion 
3.1.  Selection of chromatographic condition 
Taking the strong polarity and longer DM-FFAP chromatographic column, because of the strong polar and low 
boiling point of acrylonitrile. From the beginning temperature of 40ć, testing the heating rate, and found that at 40ć 
for 2min with 10ć/min to 100ć for 2min which temperature application effect is better, the response and peak 
shape are the best. Chromatogram is shown in Figure.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Concentration of 25.5 mg/kg acrylonitrile by gas chromatogram 
3.2.  Selection of automatic headspace sampling condition 
3.2.1. Selection of balance time 
The effects of balance time on the volatilization rate of determined objection in the sample has been discussed in 
this study. Under the condition of the enough equilibrium time, can make the target to the state of gas-liquid 
equilibrium, and the sampling efficiency of headspace will achieve the best. Taking the balance time test to 5min, 
15min, 20min, 25min, 30min, 35min respectively of the same concentration standard sample under the condition of 
equilibrium temperature was 80ć. The chromatographic peak area of acrylonitrile showed a significant rising trend 
from the balance time under 5min extended to 25min, and after the balance time under 25min tends to be gentle. In a 
relatively short equilibrium time, due to the solid waste with different characters, the objection volatilizing from the 
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headspace bottle is difficult. At this time, it is advantageous to improve the accuracy of determination, when 
extending the equilibrium time. But it will lead to extending the analysis cycle if the equilibrium time is prolonged. 
Therefore, choosing the balance time for 30min in this experiment. The results is shown in Figure .2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Effect of balance time of chromatographic peak area 
3.2.2. Selection of equilibrium temperature 
The effects of equilibrium temperature on the volatilization rate of determined objection in the sample has been 
discussed in this study. Usually, it is contribute to speeding up volatilization rate of target from the sample, so as to 
improve the sampling efficiency of headspace. Taking the equilibrium temperature test to 30ć, 50ć, 60ć, 70ć, 
80min, 90ć respectively of the same concentration standard sample under the condition of balance time was 30min. 
The chromatographic peak area of acrylonitrile increased rapidly from the equilibrium temperature under 30ć to 
extended 80ć , and trend was not obvious after the equilibrium temperature under 80ć . Although the 
chromatographic peak area increased with the increase of temperature will increase, taking into account the 
protection of chromatographic column and chromatographic detector. Therefore, choosing the equilibrium 
temperature for 80ć in this experiment. The results is shown in Figure. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Effect of equilibrium temperature of chromatographic peak area 
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3.3.  The standard curve and the detection limit 
3.3.1. Preparation of standard curve 
Taking standard solution into the headspace bottles with 2g quartz sand and 10ml matrix modifier, and prepare 
the concentrations of the standard series were 0.255, 1.02, 4.08, 16.32,25.5mg/kg. Determination of 3 per point, 
taking the average, with the target concentration as abscissa, and the average of measured peak area as the vertical, 
drawing the standard curve, calculating the regression equation. The regression equation of acrylonitrile: 
Y=38368.09X, the correlation coefficient r=0.9998, the linear range: 0.255~25.5mg/kg. The results is shown in 
Table 1. 
Table 1 Standard curve of acrylonitrile 
Concentration˄mg/kg˅ 0.255 1.02 4.08 16.32 25.5 The standard curve 
The average peak area 9833.30 36283.63 151965.54 627438.41 978418.44 Y=38368.09X˄r=0.9998˅ 
3.3.2. The determination of detection limit 
The lowest detection limit of acrylonitrile was 1.66 g/kg according to the calculation of three times the noise 
signal rate. 
3.3.3. Precision experiment 
Preparing the concentrations of the standard series were 0.255, 5.1, 15.3mg/kg into the blank sample, and make 
the precision experiment in the same way, determining 6 times parallelly. The relative deviation of three kind 
concentration of acrylonitrile are 1.54%, 2.63%, 3.11% respectively. The results is shown in Table 2. 
Table 2 The precision experiment of acrylonitrile 
Concentration˄mg/kg˅ n=1 n=2 n=3 n=4 n=5 n=6 RSD(%) 
0.255 0.259 0.249 0.258 0.254 0.257 0.253 1.54 
5.10 5.127 5.250 5.066 4.861 4.989 5.003 2.63 
15.3 15.41 15.28 15.74 16.02 16.51 16.33 3.11 
3.3.4. Accuracy experiment 
Preparing the concentrations of the standard series were 1.02, 7.65, 20.4mg/kg into the blank sample, and make 
the accuracy experiment in the same way, determining 3 times parallelly. The average recoveries of three kind 
concentration of acrylonitrile are 92.71%, 100.62%, 101.46% respectively. The results is shown in Table 3. 
Table 3 Standard addition recovery experiment of acrylonitrile 
Standard addition 
concentration˄mg/kg˅ 
n=1 n=2 n=3 average recoveries˄%˅ 
1.02 0.962 0.975 0.901 92.71 
7.65 7.663 7.888 7.540 100.62 
20.4 20.73 20.91 20.46 101.46 
3.3.5. Sample analysis 
Selected residue samples which may contain acrylonitrile from ** Environmental Services Ltd, analysing the 
sample according to the above method, but were not detected in acrylonitrile. 
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Preparing the concentrations of the standard series were 2.04, 5.1, 20.4mg/kg into the above samples, and make 
the precision and accuracy experiment in the same way, determining 3 times parallelly. The relative standard 
deviation was 4.74%~8.21% and the recovery rate was 91.05%~107.98%. 
4. Conclusions 
This method to determine the acrylonitrile in solid waste by automatic headspace gas chromatography had a low 
detection limit, well precision and accuracy, less disturbance, and the before processing is simple. The method is 
simple and rapid, comparing with the national industry standard Solid waste-Extraction procedure for leaching 
toxicity-Sulphuric acid & nitric acid method˄HJ/T299-2007˅, and it is a worthy of promoting analysis method. 
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